Introduction
Radioactive liquid wastes are generally composed of major quantity of non-radioactive component contaminated with minor amounts of hazardous gamma emitting radionuclides such as Cs, Sr, Eu, Ce etc. Separation and concentration of the radioactive components from a large volume of radioactive waste minimize the volume of the radioactive fraction that is to be safeguarded for long time. Major gains achieved by the isolation of radioactive fission products are the reduction in occupational exposure, minimal radiation degradation to structural materials and chemicals used, low secondary waste generation, and reduction in the cost of disposal. Further, the other larger fraction of treated component can be either disposed or handled without serious hazards.
It is well recognized that only inorganic exchangers/sorbents can withstand to very high radiation dose levels without much degradation and they also exhibit unprecedented selectivity for fission products.
Several inorganic sorbents were found suitable for the separation of chemically toxic and radiotoxic metal ions from various waste streams.
Recent reviews by Clearfield and Lehto and Harjula describe about the latest developments in inorganic sorbents and their applications to the treatment of nuclear waste. They have also indicated that not many sorbents are effective in the separation of fission products especially strontium from acidic liquid wastes and have suggested the need to develop new inorganic sorbents to accomplish these tasks. Thus, we have prepared several inorganic sorbents in the recent past and evaluated for the removal of fission products especially Cs, Sr, and Eu from acidic streams. Ion Exchange Studies. Variation of distribution coefficient (Kd, mL/g) of cerium with the concentration of nitric acid was studied by equilibrating 0.05 g of the sorbent (USb) with 10 mL of the solution containing nitric acid (varied from 0.1 M to 2.0 M) spiked with Ce radioactive tracer. After 6 hours of contact, an aliquot was taken from the supernatant and the radioactivity was measured using well-type NaI(T1) scintillation detector. The distribution coefficient was calculated using eq 1 Kd=Ai-Af/Af [V/m] (1) where Ai and Af are the radioactivity per mL of an aliquot before and after equilibration, respectively. V (in mL) and m (in g) are the volume and mass of the sorbent taken for equilibration, respectively.
The rate of uptake of metal ions from nitric acid was studied, at 300 K, by contacting 0.05 g of the sorbent with 10 mL of the solution containing 0.1 M nitric acid, 10 mg/L of Ce (III) ion spiked with Ce tracer. At various intervals of time, shaking was stopped and aliquot was drawn from the supernatant. From the measurement of activity at a time t, the metal ion exchanged was calculated.
Similar experiment was performed when the concentration of cerium was increased to 100 mg/L. Cerium ion exchange isotherm was obtained by equilibrating, at 300 K, 0.05 g of the sorbent with 10 mL of the solution containing 0.1 M nitric acid and the varied amounts of cerium ion (from 10 mg/L to 1000 mg/L) spiked with Ce tracer. After 6 hours, shaking was stopped and the activity of supernatant was measured as described earlier. From the initial and final activity, the amount of cerium exchanged by the USb was calculated. This was passed into a column at the flow rate of 0.20 mL/min. Various fractions of the effluent were collected until the ratio of effluent activity (C) to initial activity (Co) equals to one. The ratio of C/Co, called as breakthrough, was plotted against the volume of the solution passed in to the column to obtain a breakthrough curve. Cerium was eluted with 5 M nitric acid at a flow rate of 0.1 mL/min and 1 mL fractions were collected for obtaining the material balance.
Results and Discussion
The rate of uptake of cerium on USb from 0.1 M nitric acid is shown in Figure L Rapid Plot of distribution coefficient (Kd) of cerium as a function of the concentration of nitric acid is shown in Figure 2 . Kd values decreased from 18,943 mL/g to 6 when the concentration of nitric acid was increased from 0.1 M to 2 M. If the sorption of Ce3+ on USb involves ideal ion exchange mechanism as shown in eq 3, then the plot of logKd against log [Ha] should result in a slope of -3 according to eq 6. 
where the subscripts 'a' and 's' represent aqueous and sorbent phase respectively and Kd is defined by eq 1. Since the ion exchange reaction was carried out in trace level concentration of cerium ion, the magnitude of [H+s] may be assumed as unaltered and hence K' is constant. Log-log plot for the sorption of cerium on USb is shown in Figure 2 . A slope of -2.6 obtained is an indicative to the adherence to ideal ion exchange mechanism for the sorption of cerium on USb. A slight deviation from the theoretical slope of -3 could be due to the calculation based on concentration terms instead of activity used in eq 6. Similarly, log-log plot for the sorption of Cs+ on USb have resulted in a slope of -0.9 in accordance with ideal ion exchange mechanism, while considerable deviation from the expected value was observed for Sr2+ (slope = -1.6) and Eu3+ (slope = -2.4) sorption on USb.
Ion exchange isotherm of cerium on USb is shown in Figure   3 . The break through (BT) curve for the exchange of cerium on USb is shown in Figure 5 . It can be seen from the figure that 1 % BT, 50% BT, and 100% BT occur after passing 11 bed volumes (BV), 39 BV, and 83 BV of the feed solution, respectively. The ion exchange data under dynamic conditions was analyzed using Thomas equation of the form shown in eq 10, which has been widely used for describing BT curves. (10) where, The loaded cerium can be eluted using 5 M nitric acid and the elution pattern is also shown in Figure 6 . More than 90% of cerium was eluted with in six BV and quantitative elution was observed with in 20 BV. 
Conclusions

